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Summary Typically, commercial aircraft certification re- 

An experimental investigation was conducted at  
the NASA Langley Research Center to  measure the 
flow rate and trajectory of water spray generated by 
an aircraft tire operating on a flooded runway. Tests 
were conducted in the Hydrodynamics Research Fa- 
cility and made use of a partial airframe and a nose 
tire from a general aviation aircraft as well as nose 
tires from a commercial transport aircraft. The ef- 
fects of forward speed, tire load, and water depth 
were evaluated by measuring the amount and loca- 
tion of water captured by an array of tubes mounted 
behind the test tire. Trajectory angles of the side 
plume emanating from the tire footprint were nearly 
constant for the range of variables tested. The wa- 
ter displaced from the path of the tire footprint pro- 
duced the spray pattern in close proximity to the 
tire, while the spray pattern farther aft was primar- 
ily influenced by the lateral wake produced on the 
surface of the water by the rolling tire. Increasing 
forward speed generally increased local water-spray 
flow rates, and the most concentrated flow in the 
spray pattern moved inboard slightly. Increased tire 
load decreased the local flow rates of the spray and 
a larger pattern resulted. Variations in water depth 
had a more significant effect on the flow rates a t  posi- 
tions closer to  the tire than at positions farther aft of 
the t,ire. The effect of a fuselage on the spray pattern 
was to move the upper water-flow regions of the spray 
pattern farther outboard. The addition of a wing 
generally caused a deflection of the spray downward, 
but spray was concentrated above the wing by the 
airflow around it as the wing was moved aft. Com- 
parisons of spray patterns generated by a bias ply 
and a radial tire showed that the two were very sim- 
ilar in terms of the spray position as well as the flow 
rates in the pattern. 

In trod uct ion 
All aircraft designed to  take off and land on con- 

ventional runways have a requirement to operate dur- 
ing times when the runway is wet. Many of the 
effects of wet runways have long been known, such 
as reduced braking and cornering capability and, on 
flooded runways, a reduction in takeoff acceleration. 
The advent of large multiengine aircraft), particu- 
larly those with aft-fuselage-mounted turbojet en- 
gines, brought with it the chance of ingesting water 
spray thrown up by the aircraft tires into the engine 
intakes. If sufficient water is ingested, a jet engine 
can experience compressor stalls or even flameout. 
This stall or flameout situation can be especially dan- 
gerous if it occurs on the takeoff roll near rotation 
speed. 

quires that the airframe manufacturer demonstrate 
the capability to  operate on a runway with one- 
half inch of standing water without experiencing any 
spray ingestion problems. Some aircraft have a ge- 
ometry that is free of spray problems regardless of 
external conditions such as water depth and speed. 
Other aircraft have geometries that make spray in- 
gestion a common problem that occurs over a wide 
range of conditions. These are the aircraft that typ- 
ically must be fitted with chined tires or nosewheel 
spray deflectors. References 1 and 2 describe some 
military aircraft that have experienced water-spray 
ingestion and the associated engine surges or flame- 
outs. Numerous studies have been conducted to  de- 
termine whether aircraft are susceptible to water- 
spray ingestion, but they were typically carried out 
after the aircraft was built. Although the design of 
aircraft and engine type and location are dependent 
on many variables, it is desirable to configure an air- 
craft and its engines in a geometry that eliminates 
the spray ingestion potential. 

The purpose of tliis paper is to present the re- 
sults of a study conducted at the NASA Langley 
Research Center to determine the flow rate and tra- 
jectory of water spray generated by an aircraft tire 
operating on a flooded runway. Tests were conducted 
in the enclosed Hydrodynamics Research Facility us- 
ing an electrically driven carriage capable of attain- 
ing speeds of 80 ft/sec. Effects of parameters, includ- 
ing water depth, tire load, and forward speed were 
evaluated by measuring the amount and location of 
water captured by a fixed array of tubes mounted 
on the carriage behind the test tire. Tests were con- 
ducted with the carriage configured in one of three 
ways: (1) with the nose gear of a twin-engine, general 
aviation aircraft; (2) with the nose gear installed in 
the aircraft fuselage without a partial wing; and (3) 
with the nose gear installed in the aircraft fuselage 
with a partial wing mounted at two fore-and-aft lo- 
cations. Test were also conducted with the nose tires 
of larger commercial transport aircraft to determine 
the effect of radially constructed tires on the gen- 
erated spray pattern compared with conventionally 
constructed bias-ply tires. 

Apparatus 

Test Facility 
Tests were conducted in the Hydrodynamics Re- 

search Facility at the Langley Research Center. The 
facility consists of a 2900-ft-long enclosed water tank 
approximately 12 ft deep and 24 ft wide. A schematic 
of the tank section is shown in figure 1.  A set of rails 



spaced 20 ft apart support an electrically driven car- 
riage (fig. 2), which can traverse the entire length of 
the tank. Eight 75-hp motors receive power through 
a set of electrical trolley wires aid drive eight pneu- 
matic truck tires, which support the 18-ton carriage. 
A closed-loop feedback control system allows the car- 
riage operator to select and maintain a test speed 
within f 0 . 5  ft/sec. A more detailed description of 
the facility can be found in reference 3. 

For this investigation, water was drained from the 
tank, and a 4-ft-high by 1.5-ft-wide concrete runway 
50 ft long was installed in the bottom of the tank with 
a 20-ft ramp at  each end of the runway. The total 
length was thus 90 ft. The ramps had a 4-in. rise 
arid were designed t o  smoothly load and unload the 
test tire and nose-gear strut, which was restrained 
vertically by the carriage during a test. Figure 3 is a 
photograph of the runway. Aluminum pans and side 
plates were attached along the side of the runway 
to provide a total water-trough width of 3 ft. The 
plates and pan edges were higher than the concrete 
runway to  provide the capability of maintaining a 
water depth up to 0.6 in. The nose-tire centerline 
was positioned 27 in. from the right side dam. The 
runway had adjustable side dams every 5 f t ,  so that 
the desired water depth could be set and maintained 
by using a water hose to continuously add water to 
the runway. 

Test Hardware 
The test airframe, nose strut, and nosewheel used 

during this investigation were those from a twin- 
engine, general aviation aircraft in the 6000-lb class. 
The nose tire was a 6.00 x 6, TT, %ply, type I11 air- 
craft tire with a rated load of 2350 lb and was inflated 
to 35 psi. The unloaded tire-pressure rating for this 
tire was 55 psi. Initially, tests were conducted using 
only the nose gear, mounted on an “I” beam truss 
as shown in figure 4. The truss was mounted on the 
test carriage and was used to position the nose tire 
on the runway in the bottom of the tank. The upper 
portion of the strut was restrained vertically, and the 
vertical load was preset with nitrogen pressure in the 
strut cylinder prior to a test. 

Additional tests were conducted to investigate the 
effect of aircraft fuselage aerodynamics on the spray 
pattern. For these tests, the nose gear was mounted 
in the fuselage, which was installed on the carriage 
and was restrained with guy wires. Next, a portion 
of the right wing was attached to the fuselage in 
order to examine its effect on the spray patterns. 
A photograph with the wing installed is shown in 
figure 5. The wing was later installed at  a location 
farther aft in order to  examine the effect of wing 
position on the spray patterns. 

Tests were also conducted using a larger conven- 
tional bias-ply tire and a radial tire to  determine dif- 
ferences in the spray patterns due to tire construc- 
tion. Each tire was a 26 x 6.6 tubeless tire with a ply 
rating of 12 and a load rating of 8600 lb. An axle was 
fabricated and the truss shown in figure 4 was modi- 
fied to permit mounting of these larger tires. Figure 6 
is a photograph of one of these tires installed on the 
truss. 

Data Acquisition 

Since general trends of flow-rate and trajectory 
data were sought in this investigation, the most 
straightforward method of capturing the water spray 
produced by the aircraft tire was utilized. To capture 
the water, two different collectors were built. The 
first collector consisted of an 8- by 8-tube array with 
3-in-tube center spacing. Each tube was a clear 
plastic cylinder with a 1.625-in. inside diameter and 
with a removable rubber stopper placed in the aft 
end. Figure 7 is a photograph of the first collector. 
The collector was mounted on the carriage behind 
and to the right of the test tire to  sample the water 
spray generated by the nose tire as it ran through the 
flooded runway. The collector was slightly tilted with 
the aft end low, so that the collected water remained 
in the tubes during carriage deceleration. After the 
test, the volume of water collected in each tube was 
measured to give an indication of the flow rate at that 
position. No measurable quantity of water adhered 
to the tube walls after a test. A video camera was 
mounted to the right and forward of the nose tire 
but looking aft, and if it showed that a complete 
sampling of the spray was not obtained, the collector 
was repositioned and the test was repeated to provide 
a larger area of spray sampling. Often, four or more 
collector locations were needed to  completely define 
the water-spray pattern at a given distance behind 
the tire. 

Later in the test program, a larger water collector 
was fabricated with a 22- by 22-tube array with 
the same spacing as the previous array. The larger 
collector significantly reduced the time and number 
of tests required to define the water-spray pattern 
within a plane and was more accurate because it 
is difficult to duplicate test conditions for successive 
runs exactly. Figure 8 is a photograph of the larger 
collector. 

Additional data were obtained using high-speed 
movie film in cameras mounted both onboard the 
moving carriage and along the side of the runway 
aimed at the test wheel. The movie coverage was 
helpful in defining the trajectory of the water spray 
relative to  the ground. 
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Testing Technique Water Trajectory 

The test runway used in this investigation was 
located approximately 1200 f t  from one end of the 
towing tank to  allow sufficient distance for the car- 
riage to  be accelerated to the desired test speed prior 
to  traversing the runway. Prior to  each test, water 
depth was checked and time was allowed for the wa- 
ter level to  return to  the selected test depth. Nor- 
mally, the general aviation nose tire was inflated to  
35 psi, and the desired tire load for the test was prese- 
lected by charging the upper strut to  the appropriate 
pressure. 

The water collector was positioned for each test 
run at a selected location on the right side of the 
nosewheel centerline. The water collector mounting 
hardware allowed it to  be moved in three directions. 
One lateral plane aft of the nose gear would nor- 
mally be surveyed before moving the collector in the 
fore-and-aft direction. Figure 9 is a sketch of the re- 
lationship between the tire and the three planes at 
which the water-spray pattern was measured. 

Testing was begun with the carriage operator 
accelerating the carriage to  the desired speed. The 
nose tire ran up the entrance ramp to load the 
tire, traversed the flooded runway, and then ran 
down the exit ramp; then the carriage was slowed 
to  a stop. The water collector sampled the spray 
pattern during passage through the flooded runway. 
After the test, the carriage was moved back to the 
preparation area, and the water that was collected 
in each tube was measured and recorded. Tests 
involving the fuselage and wing were conducted in the 
same manner. Since comparison tests of the bias-ply 
and radial commercial transport aircraft nose tires 
were conducted without a landing gear strut, the axle 
vertical position relative to the test runway surface 
was varied to obtain the desired tire deflection. 

Results and Discussion 

Table I is a summary of the runs conducted in 
this investigation. The conditions for each run are 
included along with the coordinates showing the re- 
lationship between the center of the tire footprint and 
the lower inboard collector tube face. The“x” coor- 
dinate denotes the distance aft of the tire footprint 
center. The “y” and “z” coordinates denote the dis- 
tances to the right and upwards, respectively, from 
the tire footprint center to  the lower inboard collec- 
tor tube face. The water-spray pattern and flow-rate 
data collected from all the test runs in this study are 
presented in the appendix. 

Before discussing the effects of various parameters 
on the spray patterns produced by the aircraft tire 
operating on a flooded runway, an understanding of 
the water displacement and spray generation process 
in and near the tire footprint is needed. As the tire 
rolls through standing water on a flooded runway, the 
water in the path of the tire footprint must be almost 
completely displaced if the tire is operating below the 
dynamic hydroplaning speed. Some of the water is 
expelled forward out of the footprint in what is called 
the “bow wave”. Extensive high-speed film taken of 
the bow wave showed it to  be low in density. Since 
the bow wave must necessarily acquire a forward 
ground speed greater than that of the tire, the wave 
atomizes quite rapidly and is perceived to  contribute 
little to  the body of water that typically reaches an 
engine inlet. A “rooster tail”, which consists of a 
spray directly behind the tire, is also produced. The 
rooster tail is made up of water expelled from the 
rear of the footprint or water that clung to the tire 
surface until it was free of the tire-runway interface. 
Because of the low quantity of water in this plume, 
the rooster tail is also considered to  be insignificant 
in terms of a measurable spray ingestion potential by 
an aircraft engine. 

The major contributor to the volume of water 
available for engine ingestion is water ejected later- 
ally from the tire footprint or the “side plume” shown 
i n  figure 10. As water is expelled laterally from the 
tire footprint, it encounters an adjacent wall of water 
next to  the tire footprint edge, which absorbs some 
of the lateral energy. The collision causes the origi- 
nal laterally moving unit of water to change direction 
and be thrown upwards. The next unit of water on 
the surface, having had lateral energy imparted to  it, 
undergoes the same process and is thrown upwards 
but with less initial velocity. Such action induced 
by the tire produces a sheet of spray, as opposed 
to a circular jet, and the wake from the tire on the 
surface, much like that from a boat, has enough lat- 
eral energy to  propel a much larger amount of sur- 
face water into the air than is in the direct path of 
the tire footprint. A photograph and sketch showing 
this wake-generated spray are presented in figure 10. 
The wake appears to  be able to  eject perhaps 5 to  
10 times the volume of water that is actually in the 
direct path of the tire, which indicates the need to  
use water troughs wide enough to eliminate dam ef- 
fects when performing water-spray tests. All water 
ejected in the side plume and its associated wake has 
forward and lateral velocities. 

High-speed movie film from a number of tests 
was analyzed to  define the initial trajectory angles 
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of the side plume. A 6-in-long, 18-in-wide trough 
was dammed and positioned so that the tire rolled 
directly down its center. A high-speed camera was 
positioned forward of this test section to  permit 
tracking of the initial portion of the side plume in 
the lateral and vertical planes relative to the ground. 
Another camera was placed directly to the side of 
the trough to  allow tracking of the same portion of 
the side plume in the fore-and-aft and vertical planes 
relative to  the ground. Combining the two trajecto- 
ries gave a three-dimensional trajectory of the water 
leaving the footprint. The water spray atomized SO 

quickly in these tests that only the initial angles and 
speed of the water spray were determined. These 
data, however, were combined with the final position 
of the spray, as determined by the wet concrete on 
the surrounding towing-tank walls, and a computer 
program was written to determine the ballistic tra- 
jectory of the water based on end conditions. 

An analytically determined water-spray trajec- 
tory is presented in figure 11 for a speed of 40 ft/sec. 
The initial angles for the trajectory were 43’ up from 
horizontal in the lateral vertical plane and 11’ for- 
ward in the ground plane. Each vertical line repre- 
sents time increments of 0.1 sec. The initial speed 
of the water leaving the footprint was approximately 
66 ft/sec, although this determination was limited 
by the 400-picture-per-second frame rate of the high- 
speed camera that was used. For a range of speeds, 
loads, and water depths tested in the manner de- 
scribed previously, no significant differences in the 
trajectory angles were noticed. 

One possible explanation for the consistency of 
the spray trajectory angles is related to  the density 
and viscosity of the water. Many materials, such 
as sand, cement, or soil, have an angle of repose 
which is the maximum angle of the sides of a cone 
that the material will create when poured on top of 
itself. A similar phenomenon may be occurring when 
water with lateral velocity impacts its neighboring 
stationary wall of water and is driven upwards in the 
direction of least resistance. The properties of the 
water itself may determine these trajectory angles, 
rather than parameters such as forward speed, tire 
tread pattern, sidewall shape, or water depth. 

Effects of Various Parameters on Water-Spray 
Patterns 

Distance aft from fire. Measurements of water- 
spray patterns were collected at  positions 31, 76, and 
199 in. aft of the nose tire. Figure 12 presents typical 
water-flow-rate data that compare these positions at 
a speed of 60 ft/sec, with a load of 2500 lb, and 
with a water depth of 0.6 in. The value in each 

square represents the flow rate in hundredths of gal- 
lons per minute in that position as collected by a tube 
with a diameter of 1.6 in. The flow rate was deter- 
mined by dividing the volume of water collected in 
each tube by the time required to traverse the flooded 
runway for each test. Since the collector tubes were 
installed on 3-in. centers, approximately 25 percent 
of the spray in any given area was collected, and the 
remaining 75 percent of the spray failed to  be col- 
lected, hit the backboard of the collector, and fell to  
the ground. Also, all spray data presented are from 
the rear looking forward, so all trajectories are up- 
wards and towards the right. Throughout the sim- 
ulated collector grid, any square left blank denotes 
that no measurement was taken in that area because 
of physical constraints with the collector or because 
the water volume was lost before it could be recorded. 
Figure 12(d) presents a summary plot of lines that 
are drawn through the most concentrated region of 
the spray pattern and that are referred to  as lines 
of maximum flow Concentration. For all similar fig- 
ures, the line of maximum flow concentration ends 
when the flow rate drops below 0.1 gal/min or when 
the water collector limits are reached. At the base of 
each line, the maximum flow rate obtained is shown 
in hundredths of gallons per minute. The ending flow 
rate is shown at  the top of each line. 

In figure 12(d), the flow concentration line 31 in. 
aft of the tire is very close to  the 43’ trajectory an- 
gle that was measured in the film studies. This line 
indicates that flow patterns in close proximity to  the 
tire are probably dominated by the water spray em- 
anating from the footprint itself. The flow concen- 
tration line for the data obtained at the 76-in-aft po- 
sition shows a similar angle in the outboard region, 
which again indicates that the water spray originated 
in or very near the tire path. The lower region of 
the same flow concentration line shows an increased 
slope. This increase is probably a result of the wake 
having an increased influence on the spray, since it 
has more time to  throw water upwards. The con- 
centration line for the 199-in-aft position shows a 
higher slope than is seen in the two closer positions. 
A question arising from such plots is “Why is the line 
of maximum flow concentration for the aft plane so 
much steeper than the 43’ trajectory angle detected 
by high-speed film?” The answer may be found by 
referring to  the sketch in figure 10 and by assuming 
that the line of maximum flow concentration shown 
for the 199-in-position data in figure 12(d) can be 
discretized into three equal areas-the top right, the 
middle, and the lower left. The water collected at  
the top right was that which was directly in the path 
of the tire and which was thrown upwards with the 
most velocity. The water collected in the middle was 
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that which originally resided near the tire path and 
which was thrown upwards by the wake. This water 
had less velocity than, and consequently did not rise 
as high as or disperse as much as, the water from 
the tire path. Finally, water collected at the lower 
left was perhaps the farthest out from the tire path 
and was thrown upwards with the least velocity by 
the wake. Although this discretization oversimpli- 
fies a continuous phenomenon, the end result is that 
the apparent angle of water spray at  the collector 
array can indeed be different than the trajectory an- 
gle observed for any given particle of water. As the 
collector is moved farther aft, the wake has signifi- 
cantly more time to eject water upwards before it is 
captured; thus, the wake can dominate the spray pat- 
terns at relatively long distances aft. The flow rates 
at the top edge of the lines in figure 12(d) are sim- 
ilar, but the vertical positions only rise slightly. In 
figure 11, the time required for the spray to  get near 
the apex of the trajectory is relatively short, but the 
time the spray “hovers” near the apex is relatively 
long. 

Forward speed. -4 comparison of runs (fig. 13) 
shows the effect of speed, ranging from 40 to 
80 ft/sec, on the water-spray trajectory and flow 
rates. The data are presented at a vertical plane lo- 
cated 199 in. aft of the nose tire with a water depth 
of 0.6 in. and at a vertical load of 2500 lb. Fig- 
ure 13(d) contains plots of the lines of maximum 
flow concentration for the three runs. These lines 
show an increase in the spray intensity as speed is 
increased. Increased spray intensity results from in- 
creased available energy to  eject water upwards and 
to  impart greater energy laterally to  the wake, which 
also sends water upwards. 

The lines of maximum flow concentration also 
move inboard as speed is increased. Since the test ge- 
ometry was identical, one explanation for this effect 
may be that the relationship between the acquired 
water velocity and the tire velocity is nonlinear. 

Tire load. Tests for all speeds and water depths 
were conducted using tire loads of 500 and 2500 lb. 
These load values represent underload as well as 
overload conditions for this size tire with a rated load 
of 2350 lb. Figure 14 is a sketch of the tire sidewall 
profile and the associated footprint width for each 
load. Figure 15 is a typical comparison between the 
two loads at the 199-in. position aft of the tire at a 
speed of 60 ft/sec and at  a water depth of 0.6 in. The 
difference between the maximum flow concentration 
lines is seen in figure 15(c). The concentration lines 
originate a t  the base of the collector in the same area; 
however, the heavier tire load condition produces 

a maximum flow concentration line farther inboard 
than does the lighter load condition. The data 
also show decreased localized flow-rate spread over 
a slightly larger area for the 2500-lb case than for 
the 500-lb case. One explanation for the positioning 
of the concentration lines is that for the higher load 
case the footprint is wider, and since the vehicle 
is moving at the same speed, some water in the 
path of the footprint must travel faster laterally to 
escape the footprint area. This increase in speed 
may move this region of water inboard as seen in 
figure 13(d). The wake lateral energy, however, may 
be more affected by the tire speed than by the width 
of the tire footprint, which would cause the lower 
regions of the spray to  converge for the two loads 
tested. The difference in tire sidewall profiles for the 
two loads may also contribute slightly to  the relative 
positions of the concentration lines. 

Water depth. Tests were conducted using water 
depths ranging from 0.3 in. to  0.6 in. As stated previ- 
ously, aircraft certification demonstration tests nor- 
mally require a water depth of 0.5 in. Tests in this in- 
vestigation at a water depth of 0.3 in. produced very 
little measurable spray; therefore, data at this water 
depth are not reported. Figure 16 shows the varia- 
tions in the spray pattern due to  water depth at a po- 
sition 199 in. aft of the nose tire. These data were col- 
lected at a tire load of 2500 lb, a t  a speed of 60 ft/sec, 
and at  water depths of 0.5 and 0.6 in. Lines of max- 
imum flow concentration in figure 16(c) show nearly 
identical positions of the spray and nearly identical 
flow rates along each line. For the same speed and 
load conditions, measurable variations were obtained 
between the two water depths at positions closer to 
the nose tire, and one such comparison is presented in 
figure 17. The measurement position was 76 in. aft of 
the nose tire. Again, the lines of flow concentration 
in figure 17(c) show a similar position, although the 
magnitude of the flow rates shown are significantly 
higher for the 0.6-in. water depth. This difference in 
the magnitude of flow rates from the aft-plane data 
may be partially explained as follows. At the most 
forward planes aft of the tire, the spray is dominated 
by water leaving the footprint as opposed to that 
thrown up by the wake. The volume of water in the 
wake spray may not be as sensitive to  water depth as 
the volume of water thrown up from the tire footprint 
itself. The wake-spray volume may be most sensitive 
to the lateral energy imparted to  it, which masks an 
apparent effect of water depth. 

Fuselage effects. Tests were conducted with the 
nose gear installed in the fuselage to  determine what 
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effect the fuselage had on the spray patterns devel- 
oped. Figure 18 presents a comparison of data with 
and without the fuselage for a speed of 60 ft/sec, 
with a load of 2500 lb, and with a water depth of 
0.6 in. The blank area in figure 18(b) represents the 
profile of the fuselage at  the position of water collec- 
tion, which was 199 in. aft of the tire. Figure 18(c) 
indicates a lower slope of the flow concentration line 
for the case with the fuselage installed; as expected, 
however, the flow rates are virtually identical. This 
trend can be seen for other test conditions; in gen- 
eral, the fuselage appears to cause the upper regions 
of the spray to move outboard more rapidly. 

Fuselage and wing eflects. Tests were conducted 
with a wing stub approximately 8 ft long installed in 
one of two fore-and-aft positions. Figure 19 is a plan- 
form sketch that shows relative positions between the 
nose tire, wing. and collector. Figure 20 shows the 
effect on the spray pattern of adding the wing in the 
forward position on the fuselage compared with using 
the fuselage alone. These data were measured 199 in. 
aft of the tire and at  a speed of 60 ft/sec, a load of 
2500 lb, and a water depth of 0.6 in. The additional 
blank area in figure 20(b) shows the rearview silhou- 
ette of the wing installed forward of the collector face. 
No significant water spray was recorded in the wing 
“shadow” area of the collector, and very little was 
collected in the region above the wing. Most of the 
flow that would have gone above the wing was de- 
flected and concentrated in the tubes below the wing 
as shown in figure 20(b). 

Figure 21 is a comparison of spray patterns be- 
tween the fuselage-only tests and tests with the wing 
installed on the fuselage in the aft position. The 
data presented in the figure show the characteristic 
flow concentration of the deflected wake spray under 
the wing. More flow, however, was directed higher 
than in tests without the wing, and some of the wa- 
ter spray was apparently concentrated by the aerody- 
namic effects of the wing mounted in the aft position. 

Comparison of Spray Generated by Bias-ply 
and Radial Tires 
Several tests were conducted at  various speeds 

and tire deflections to determine the differences in 
water-spray patterns generated by a tire of bias-ply 
construction versus one of radial construction. Each 
tire tested was a 26 x 6.6 tubeless tire with a 12-ply 
rating and is representative of those used on the 
nose gear of commercial transport aircraft. Since 
the rated load on these tires, 8600 lb, was much 
greater than the load capacity of the test hardware, 
the tire pressure was reduced from the rated pressure 
of 185 psi to 45 psi for these tests, and the deflection 

was controlled by the axle vertical position within 
the support fixture. Two tire deflections were tested 
for each tire-1.0 and 1.8 in. for the bias-ply tire 
and 1.1 and 1.9 in. for the radial tire. Figure 22 
shows a sketch of the sidewall profiles of each tire 
a t  both deflections tested. A comparison of the 
spray patterns generated by the two tires is shown 
in figure 23 for a speed of 60 fps, a t  a water depth of 
0.6 in., and at  the larger deflection value for each tire. 
These data were collected at the 199-in-aft collector 
position. 

Figure 23(c) shows almost no difference in the 
position of the flow concentration lines, and the 
magnitudes of the flow rates along the spray path 
are generally alike. Similar results were observed for 
tests at the other speeds and tire deflections. 

Concluding Remarks 
An experimental investigation was conducted to  

examine the effects of various parameters on the tra- 
jectory and flow rate of water spray produced by an 
aircraft nose tire operating on a flooded runway. The 
parameters included forward speed, tire load, water 
depth, and water-collector distance aft of the tire. 
The effects of structures such as the fuselage and 
wing were studied as well. Most of the aircraft test 
hardware was obtained from a twin-engine, general 
aviation aircraft. Some tests were conducted to eval- 
uate potential differences in water spray produced 
by bias-ply versus radial tires. The parameters were 
evaluated by capturing some of the spray produced 
by the nose tire in a collector array of tubes mounted 
behind it. The volume in each tube provided a mea- 
sure of the flow rate at its location and allowed the 
spray pattern to  be identified. 

Film studies revealed that the classical “bow 
wave” and “rooster tail” elements of the spray con- 
tain much less water than the side plume and do not 
pose a significant engine ingestion problem. It was 
determined that the wake created on the surface of 
the water by the rolling tire ejects significantly more 
water than is directly in the path of the tire. For 
this reason, it is suggested that future spray test- 
ing be conducted in a water trough with an unob- 
structed minimum width of 10 times the nose-tire or 
gear width. Film studies also revealed trajectory an- 
gles for lateral spray with a tire footprint of 43’ in the 
lateral vertical plane, and 1l0 forward in the ground 
plane. These trajectory angles appeared to  be insen- 
sitive to  variations in forward speed, tire load, and 
water depth, although the speed of the water par- 
ticles along the trajectory increased with increasing 
tire speed. 

The spray pattern varied as the distance aft from 
the nose tire was increased. The pattern close to  

6 



the tire appeared to  be dominated by the water 
actually leaving the tire footprint; at the aftmost 
measurement position, however, the pattern seemed 
to be dominated by the water ejected by the wake. 
The effects of increasing the speed were to  move the 
bulk of the spray pattern inboard slightly and to  
increase flow rates along the spray path. The effect of 
increasing the load was to move the top region of the 
spray plume inboard and to  spread the flow out over 
a slightly larger area. Water depth appeared to  have 
an insignificant effect on the positioning of the spray, 
and very little variation in flow rate for the two water 
depths was observed at  the position farthest aft from 
the nose tire. Measurements at positions closer to  
the tire, however, indicated significant increases in 
flow rates as the water depth increased. 

Tests with a fuselage installed showed that flow 
rates were basically unchanged, but the trajectory 
angle of maximum flow concentration became slightly 
more shallow than in tests without the fuselage. The 
addition of a wing in a forward position on the fuse- 
lage caused virtually all the spray to be concentrated 
under the wing because of direct deflection. Moving 
the wing aft caused some spray to  be concentrated 
above the wing, but a considerable amount continued 
to be deflected by the underside of the wing. 

Comparisons of the spray patterns generated by 
a bias-ply tire and a radial tire showed that the two 
were similar in terms of the spray position and the 
flow rates in the pattern. These findings indicate 
that aircraft operators using 26 x 6.6 radial tires can 
expect virtually the same spray behavior as those 
using bias-ply tires. 

NASA Langley Research Center 
Hampton, VA 23665-5225 
May 20, 1987 
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Appendix 
Water-Flow Rates 

across the collector in  figures A1 to  A8 for various pa- 
rameters. These figures, which show the influence of 

speed, water depth, tire load, collector location, test 
configuration, tire size, tire construction, tire pres- 
sure, and tire deflection on tire-generated water-flow 

This appendix presents water-flow-rate data rates, are given for the convenience of the user in 
studying detailed characteristics of water spray. 
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Nose-gear / 
support f ixture  

Figure 1. End view of carriage and tank 
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L-83- 11,33 
Figure 4. Nose gear and support truss prior t o  mounting on test carriage. 
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Figure 6. Test configuration used with nose tire of commercial transport aircraft. 
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Figure 9. Test runway, nose-tire, and water-spray collector measurement positions. All dimensions are in 
inches. 
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Figure 10. Photograph and sketch of water wake phenomenon. 

20 



1. 

Test conditions 

Speed 40 ft/sec 
Load 500 l b  
Tire pressure 35 psi 
Water depth 0.6 i n .  

8 

7 

6 

5 

Vertical 
distance, f t  

2 

Center of 
t i r e  footprint / 0 

Figure 11. Water-spray trajectory from nose tire. 
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(a) Collector array 31 in. aft of nose tire. 

Figure 12. Effect of distance aft from nose tire on spray pattern. 



e Flow values are In gallonm per mlnute x 10 

(b) Collector array 76 in. aft of nose tire. 

Figure 12. Continued. 
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35 P*' 

(c) Collector array 199 in. aft of nose tire. 

Figure 12. Continued. 
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Figure 12. Concluded. 
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(a) Speed = 40 ft/sec. 

Figure 13. Effect of speed on spray pattern 
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(b) Speed = 60 ft/sec. 

Figure 13. Continued. 
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(c) Speed = 80 ft/sec. 

Figure 13. Continued. 
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(d) Comparison of water-spray concentration. 

Figure 13. Concluded. 

29 



Vert ica l  load : 500 Ib  

Footprint width : 3.5 in. 

Ver t ica l  load 2500 Ib 

Footprint width : 5.8 in. 

Figure 14. Sidewall profiles of 6.00 x 6, TT aircraft tire. 
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Coordlnatea: x - 199 In. y - -1 ln. z - 16 ln. 
Flow valuea are 1n gallona per mlnute x 1B e 

(a) Vertical load = 500 lb. 

Figure 15. Effect of load on spray pattern. 

35 pal 
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Coordln8tesr x - 199 In.  y - -1 in. z - 16 In.  
Flow values are fn gallons par mlnute x 18 e 

(b) Vertical load = 2500 lb. 

Figure 15. Continued. 
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(c) Comparison of water-spray flow concentration. 

Figure 15. Concluded. 

33 



- 

0 0 0 0 0 0 0 0 0 0 0 2  

0 0 0 0 0 0 0 2 0 2 2 4  

0 

0 0 0 0 2 2 2 4 6 8 1 1 1 9  

0 0 0 0 0 2 2 4 6 1 0 1 3 2 3  

0 0 0 0 0 2 2 6 8 1 1 1 9 2 7  

0 0 0 0 2 2 6 8 1 1 1 7 2 3 2 7  

0 10 10 1 2  1 2  1 4  16 110113117130138 

0 0 0 0 2 2 4 e 1 1 1 9 3 4 4 4  

0 0 0 0 2 2 4 e 1 3 1 9 3 2 5 3  

0 0 0 0 0 2 4 e 1 1 1 9 3 8 5 1  

0 0 0 0 0 2 6 6 1 3 2 5 3 8 6 1  

0 0 0 0 0 0 4 6 1 1 3 8 5 1 5 5  

0 0 0 0 0 0 4 1 0 1 5 3 8 5 3 4 9  

0 0 0 0 0 0 6 1 1 2 1 4 9 5 9 4 8  

0 0 0 0 0 2 6 1 0 3 2 5 1 6 1 4 0  
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Flow valuet  are fn gal lons per mfnute x 10 e 
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(a) Water depth = 0.5 in. 

Figure 16. Effect of water depth on spray pattern measured with collector array at 199-in-aft position. 



(b) Water depth = 0.6 in. 

Figure 16. Continued. 

P.' 

35 



19 19 

Water depth, i n .  

0.5 I 

I I I I 
Center o f  
t i r e  f o o t p r i n t  '0 20 40 60 80 

L a t e r a l  d is tance,  i n .  

(c) Comparison of water-spray flow concentration. 

Figure 16. Concluded. 
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I 

Coordfnrteat x - 76 In .  y - 13 In .  z - 26 fn .  

F low value8 are tn g8llon. par mfnuts x 18 e 

' 33 p.l 

(a) Water depth = 0.5 in. 

Figure 17. Effect of water depth on spray pattern measured with collector array at 76-in-aft position. 
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(b) Water depth = 0.6 in. 

Figure 17. Continued. 
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(c) Comparison of water-spray flow concentration. 

Figure 17. Concluded. 
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Speed - 60 fps Load - 2500 l b  Water depth - .625 In. Ttre pressure - 35 ptt 
Coordtnatesr x - 199 tn. y - -1  tn. z - 16 tn. 
Flow v a l u e s  are In gallons per ntnute x 10 e 

(a) Nose wheel only without fuselage. 

Figure 18. Effect of fuselage structure on spray pattern. 



Fuselage 
profile 

2 1 6 7 0 9 8 6 7 6 1 8 8  8 0 0 0 B 0 0 8 0 0 8 0 0 8 0 

1 2 2 1 1 4 7 6  19 8 8 0 8 0 0 0 0 8 0 0 8 0 0 8 0 8 

Speed - 68 fps Load - 2508 l b  Water depth - .625 I n .  T t r e  pressure - 35 p a l  

Coordinates: x - 199 I n .  y - 14 In .  t - 16 I n .  

Flow values are l n  gal lons per mfnute x 10 
L 

(b) Nose wheel installed on fuselage. 

Figure 18. Continued. 
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Center of 
t i r e  f o o t p r i n t  
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20 40 60 
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(c) Comparison of water-spray flow concentration. 

Figure 18. Concluded. 
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v 
FFUSELAGE 

-WING I N  FORWARD POSITION 

I 
1 

+ / --- -WING IN AFT POSITION 

WATER-COLLECTOR POSITION 

Figure 19. Schematic of fuselage, wing, and water collector. All dimensions are in inches. 
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Fuselage 
profile 

Speed - 68 tpa Load - 2500 l b  Wmter depth - .625 I n .  

Coordlnrteat x - 199 l n .  y - 14 l n .  z - 16 I n .  

Flow v8tuea w e  I n  gmllons per mlnute x 10 
L 

f l r e  preasure - 

(a) Fuselage only. 

Figure 20. Effect of wing in forward position on spray pattern. 

35 p a l  
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i 

Speed - 6 0  I p s  Load - 2580 l b  Water depth - ,625 l n .  T l r e  pressure - 35 ps l  

Coordlnatesi x - 199 l n .  y - 14 ln.  z - 16 l n .  

Flow values are  l n  ga l lons  per mlnute x 18 
2 

(b) Fuselage with wing installed in forward position. 

Figure 20. Concluded. 
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Fusel age 
p ro f  i 1 e 

1 7 3 0 8 0 9 1 6 1 3 0 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 1 6 7 8 9 0 6 7 6 1 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

12211476 19 0 0 0 B 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 1  I 

Speed - 6 0  +pa Load - 2500 l b  Water depth - .625 tn. f i r e  pressure - 35 pat 

Coordtnafesl x - 199 I n .  y 14 I n .  z - 16 tn. 

Flow v8lues are  I n  gal lons per mlnute x 10 I! 

(a) Fuselage only. 

Figure 21. Effect of wing in aft position on spray pattern. 



Wing 

Speed - 6 0  fps Load - 2504 l b  Water depth - .625 ln .  f l r e  pressurm - 35 pa l  

Caordlnates: x - 199 I n .  y - 14 In. z 16 I n .  

flow values are 1n gal lons per mlnute x 14 
1 

(b) Fuselage with wing in aft position. 

Figure 21. Concluded. 
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DEFLECTION = 1.0 in. DEFLECTION = 1.8 in. 

(a) 26 x 6.6, 12-ply rating, type VI1 bias-ply tire. 

DEFLECTION = 1.1 in. DEFLECTION = 1.9 in. 

(b) 26 x 6.6, R14, 12-ply rating radial tire. 

Figure 22. Sidewall profiles of nose tires On commercial transport aircraft. (Inflation pressure = 45 psi.) 
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(a) Bias-ply tire. 

Figure 23. Comparison of water-spray patterns for 26 x 6.6, tubeless, bias-ply and radial aircraft tires measured 
199 in. aft of tire. 

0 4 

2 2 

2 2 

4 2 

4 0 

4 0 

4 0 

2 0 

2 0 

2 2 

0 0 

4 2 

2 2 

0 0 

0 0 

2 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

In. 

49 



50 

n. 

(b) Radial tire. 

Figure 23. Continued 
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(c) Comparison of water-spray flow concentration. 

Figure 23. Concluded. 
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m o d  - 4 0  fp8 b a d  = 588 lb kt8r depth - .588 In. t f r e  pre88ure - 35 p e l  
aordlnrto88 x - si In. y 9 48.5 In. t - 15.5 In. 

Flor  value8 are In gallon8 per rtnute x 10 1 

Figure A l .  Tire-only test configuration with 6.00 x 6 bias-ply tire. 



Run 2 

w m d  - 80 ?pa Load = S00 Ib Uatmr dmpth - ,588 in.  t t n  praa8ura - 35 pet 

Flor  valuma arm ln  gallon8 pmr rtnuta x 10 
Coordtnatm88 x - 31 in .  y = a . 5  In. t - 15.5 ln. 

8 

Figure A l .  Continued. 
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CoordtnrtmBr x 9 31 In. y - t 0 . S  In. x - 15.5 ln. 
P l w  vrlu.+ mrm tn gmllom par atnuto x 18 I! 

Figure A l .  Continued. 
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Figure A l .  Continued. 
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0 0 0 0 0  

8pm.d - 60 ?ps Load - 2588 lb Watmr depth = .588 In. Tire pPe8SUrO 35 p.1 
Coordinmtes: x - 31 In. y 9 26.5 tn. t - 27.5 In. 
Flom values ere I n  gallons par m i n u t m  x 10 t 

Figure A l .  Continued. 
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Figure A l .  Continued. 
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Speed - 4 0  fps  Load - 500 I b  Water depth - .625 In. T l r e  pressure - 
Coordlnates: x - 31 I n .  y - 26.5 In.  z = 15.5 In. 
Flow vmlues are  I n  gal lons per mfnute x 10 e 

Figure A l .  Continued. 
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Coordtnmte8r x 9 31 f n .  y = 26.5 f n .  t - 15.5 fn.  

Flow value8 8ra fn galtons par mtnute x 18 e 

Figure A l .  Continued. 
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Figure A l .  Continued. 



35 p.1 

bOPdfn8t88t x - 31 in. y - 26.5 tn. z = 27.5 fn. 

P lou vatu08 8ro In gattonm por rlnuto X 18 a 

Figure Al.  Continued. 
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Figure A l .  Continued. 



Figure Al.  Continued. 
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= 10 fpe tod - 588 1b Hator dopth - .389 tn. T l n  pmauro - 
Cwrdlnmt.88 x - 78 tn. y - 11 tn. t - tn. 

flw valuoe arm ln gal lon8 por r l n u t o  x 10 8 

Figure A l .  Continued. 



Run 14 

md - g0 ?pa Lord - 500 lb  ktmr depth - .589 ln. Tlre preeeura - 3s pel 
Coordlnmtoer x - 78 In. y - 18 ln. 3c - Z8 ln. 
F l o r  vatwe are ln amllonm pmr atnuto x 10 8 

Figure A l .  Continued. 
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Run 15 

E l b  M t o r  do? 
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Figure A l .  Continued. 
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Figure A l .  Continued 
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35 

Figure A l .  Continued. 
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35 p.1 

CoordInat08: x - 76 In. y - 13 In. z - Z6 In. 

F l o r  vatu00 arm tn 08llon. par mtnuta x 10 t 

Figure A l .  Continued. 
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emad 0 4 8  ?p8 Load = 500 l b  Hatar dopth - .625 In. TI?. p?.88U?a - 35 p81 

Coord1nata.t x 0 76 In.  y - 13 In.  t - 26 In.  

flow valuoe arm In gallom par mtnuta x 10 a 

Figure A l .  Continued. 



Figure A l .  Continued. 

35 pel 

71 



72 

' 33 pa l  

Coordlnr tas~ x - 76 In. y - 13 In. z - 2@ ln .  
Flow valuss 8ro I n  gal lons por ntnuto x 10 8 

Figure A l .  Continued. 
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Coordlnates: x - 76 In. y - 13 I n .  z - 26 In. 
Flow values are In gallons per mlnute x 10 
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Figure A l .  Continued. 
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Run 23 

Speed - 60 fps Load - 2580 lb Water depth - .62S In. T t r e  pressure - 35 psI 
Coordlnates: x - 76 In. y = 13 In. z - 26 In. 
Flow values are fn gallons par  mlnute x 10 e 

Figure A l .  Continued. 



Speed - 60 Cpa Load - 2500 lb Water depth - .625 In. Tlre pressure = 35 pal 
Coordtnates: x = 76 In. y 13 l n .  z 26 In. 
Flow vmloss are  fn gmllonr per mlnute x 10 

e 

Figure A l .  Continued. 
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Run 25 

Speed - 4 0  f p s  Load - 500 l b  Wmter depth - .500 tn. T l r o  prosaura - 35 pa1 
Coordln8tesr x - 199 In .  y - -1 l n .  z - 16 In.  

Flow values  are In g a l l o n s  per mlnuta x 10 e 

Figure A l .  Continued. 
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Speed - 60 fpa Load - 500 lb Water depth - .500 In. ?Ire pressure - 35 psi 
Coordfnates: x - 199 In. y - -1 in. z - 16 In. 
Flow values are fn gallons per mlnute x 10 0 
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Figure A l .  Continued. 
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Speed - 80 Cpr Load - 500 l b  Water depth - .500 In.  T I r e  prer rure  - 35 p a l  

Coordlnates: x - 199 In.  y - -1 I n .  z - 16 In.  
Flow valuar are  In gal lons per  mlnute x 10 e 

Figure A l .  Continued. 
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Run 28 

Speed - 40 fp8  Load - 2500 l b  Water depth  - .500 I n .  T I r e  pre88ure - 35 p8I  

Caordlnaterr x - 199 In .  y - -1 In .  z - 16 I n .  

Flaw value8 w e  I n  gal lons per  mlnute x 10 
e 

Figure A l .  Continued. 
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Run 29 

t- 
-L- 

Speed - 6 0  f p s  Load - 2588 l b  Water depth - .500 In.  
Coordfnates:  x - 199 f n .  y - -1 In. z - 16 In.  
Flow va lues  a r e  In g a l l o n s  per  mlnute x 18 2 

Figure A l .  Continued. 

80 



Run 30 
18 

23 
I 

68 I40 
I 

-f 51 20 

28 20 

5 1  138136 

:E 
5 

5 5 3  

#J 
0 0 0  

3 0 0 0 0  
- 

Speed - 80 f p s  Load D 2500 l b  Water depth D .500 In. Tfre  p r e s s u r e  - 35 psC 
Coordfnates:  x - 199 fn .  y - - 1  In .  z D 16 In. 
F l o w  v a l u e s  a r e  In g a l l o n s  per mfnute x 10 

z 

Figure Al .  Continued. 
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Speed - 40 fps Load - 500 lb Water depth - .625 In. TIre pressure - 35 psf 
Coordfnates: x - 199 In. y - -1 In .  z - 16 In. 
Flow values are In gallons per mlnute x I0 2 

Figure A l .  Continued. 



Run 32 
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0 0  

Speed - 6 0  fps  Load - 500 l b  Water depth - .625 I n .  

Coordfnates: x - 199 fn. y - - 1  fn. z - 16 I n .  

Flow values are I n  gallons per rnlnuts x 10 
e 

pressure - 35 p s l  

Figure A l .  Continued. 
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Speed - 80 fps Load - 500 l b  Water depth - .625 fn. T t r e  

Coordinates: x - 199 fn.  y - -1 fn. z - 16 In. 

Flow values are fn gal lons per mfnute x 10 e 

Figure A l .  Continued. 
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Run 34 

Speed - 4 0  t p s  Load - 2500 l b  Water depth - .625 In.  T I r e  pressure - 
Coordfnatesz x - I99 In. y - -I in .  z - 16 In .  

Flow valueo are I n  gal lons p e r  mfnute x 10 
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3s 

Figure A l .  Continued. 
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Speed - 60 f p s  Load - 2500 l b  Water depth - .625 tn .  T l r e  p r e s s u r e  - 35 p s l  
Coordtnates: x - 199 l n .  y - -1  l n .  z - 16 In. 
F l o w  values  a r e  In g a l l o n s  per  mlnute x 10 e 

Figure A l .  Continued. 
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Speed - 80 fpa Load = 2500 lb Water depth = .625 In. TIre pressure = 35 psl 
Coordlnatesr x = 199 In. y - -1 In. z - 16 In. 
Flow values are In gallons per rnlnuto x 10 2 

Figure A l .  Cont.inued 
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Run 37 

-- 

Speed - 80 tpa  

Coordinates: x - 199 In. y - -1 In. z - 46.5 In. 

Flow values are In  ga l l ons  per  n l n u t e  x 10 

Load - 2500 l b  Water depth - ,625 In. T l r e  preaaure - 35 p a l  

e 

Figure A l .  Concluded. 



Speed - 48 fps 

~ r n  38 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
- 

- 
8 8 8 8 + 8 ' 8  8 8 8 8 8 8 e ' &  8 1 8  

8 8 8 8 8 8 8 8 8 8 8 8 8 1 8 1 1  

8 8 8 8 8 8 8 8 8 8 8 8 8 1 1 1 1  

8 8 8 8 8 8 8 8 8 8 8 1 8 8 1  
-t .---- 

a@ - 
8 8 8 - 8  8 8 8 8 I 3 3 3 3 -q-;--1 --- 
8 8 8 8 8  I 1 3 3 5  5 3 3 8 3 1 0 8  

6 

13 3 4  30 34 30 23 5 8 8 1 8 8 

22 25 25 29 2 2 '  B 
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e4 ier 63 30 I I  -- 

L0.d - 588 lb Hater depth - .625 In. T t r e  preasure = 35 p s l  
Coordfn8tm8: x - 199 In. y - 14 In. z - 16 fn .  

Flow vmlues 8re In gallons per mlnuta x 18 0 

Figure A2. Fusclage-installed test configuration with 6.00 x 6 bias-ply tire. 
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Run 39 
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Speed - 60  f p s  Load = 500 l b  
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-t-- 
2 1 0  

0 1 0  
--I 
-t 

Water depth - .625 in .  f t r e  pressure = 35 pst 

Coordinates: x - 199 i n .  y - 14 I n .  z = 16 In .  

Flow values are I n  gal lons per  mtnute x 10 e 

Figure A2. Continued. 



Run 40 

Spoed - 88 qpe Load - 588 lb Water dopth - .625 In. T l r e  preeeure - 35 p e l  
Coordlnatesr x - 199 tn .  y - 14 fn. z - 16 l n .  
Flow value8 are ln gallon. por minuto x 18 

1 

Figure A2. Continued. 
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Run 41 

Speed - 4 0  fpa Load = 2500 lb Water depth - .625 in.  T i r e  pressure = 35 p s i  

Coordtnatear x - 199 i n .  y - 14 tn. z - 16 In. 
Flow values are in gallona per mtnute x 10 1 

Figure A2. Continued. 
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Run 42 

Speed I )  60 *pa Load 9 2588 l b  Water depth - .625 fn. f ! r a  praaaure - 35 p.1 
Coord!natas: x - 199 In. y - 14 ln. z - 16 In. 
Flow valu.8 mra tn g8llons par mlnute x 18 L 

Figure A2. Continued. 
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I 

Speed - 80 fps Load - 2500 lb Water depth - .625 In. f l r e  pressure - 35 
Coordlnates: x - lS9 In. y - 14 In. z - 16 I n .  
Flow v a l u e s  are fn gallons per mlnute x 10 e 

Figure A2. Concluded. 



Run 44 

Speed - 40 fps Load - 500 lb Water depth - ,625 In. Tlre pressure - 35 psf 
Coordlnatesr x = 199 In .  y - 14 In. z - 16 In. 
Flow values are In gallons per mfnute X 10 

e 

Figure A3. Fuselage-inst,alled test configuration with wing forward with 6.00 x 6 bias-ply tire, 
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Run 45 

I l l 1  

Speed - 60 
Coordf n a t e s  
Flow v a l u e s  

pa Load - 500 l b  Water depth - .625 l n .  T f r e  p r e s s u r e  - 35 pal  

a r e  In g a l l o n s  per  mfnute x 10 
x - 199 l n .  y - 14 l n .  z - 16 In.  

e 

Figure A3. Continued. 



Run 46 

Speed - 60 4ps Load - 500 lb Water depth - .625 In. Tire pressure - 35 psl 
Coordlnatasr x - 199 ln, y - 14 ln. z - 16 in. 
Flow values are In gallons per mlnute x 10 e 

Figure A3. Continued. 

97 



Speed - 4 0  fps Load - 2500 l b  Hater depth - .625  tn .  T l r e  p r e s s u r e  - 35 p s l  
Coordlnates:  x - 199 In.  y - 14 l n .  z - 16 In.  
Flow v a l u e s  a r e  In g a l l o n s  per  mtnute x 10 e 

Figure A3. Continued. 
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Speed - 6 0  f p a  Load - 2500 I b  Water depth - ,625 In. Tfre  prea8ure - 35 pa9 
Coordtnatmar x - 199 In.  y 14 In .  z - 16 fn. 
Flow valuea are In gallona per nfnute x 10 

e 

Figure A3. Continued. 
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100 

Speed - 88 Cps Load - 2588 lb Water depth - .625 In. T l r e  pressure = 35 
Coordlnatesr x - 199 In. y = 14 In. z - 16 In. 
Flow values are I n  gallons per mlnute x 18 e 

Figure A3. Concluded. 
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Speed = 4 8  fps Load 9 508 lb Water depth - .625 ln. ffre pressure - 35 psl 
Coordtnntea: x - 199 ln. y - 14 ln. z - 16 fn. 
Flow values are In gallons per nlnute x 10 e 

Figure -44. Fuselage-installed test configuration with wing aft with 6.00 x 6 bias-ply tire. 
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Run 51 

19 36 I S 7  ' 89  
I 

Speed - 60 fpa Load - 500 lb Water depth - .625 ln. T l r e  pressure - 35 ptl 
Coordlnates: x - 199 In. y - 14 ln. z - 16 In. 
Flow values ace In gallons per mlnute x 10 e 

Figure A4. Continued. 
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Run 52 

Spemd - 00 qps Load - 500 lb Water depth - .625 ln. f l r e  prasaure - 35 psl 
Coordlnetes: x - 199 ln. y - 14 In. z - 16 In. 
Flow valuea are In gallons per mlnute x 10 0 

Figure A4. Continued. 
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Speed = 40 eps Load - 2500 lb Water dmpth = .625 In. T l r e  pressure = 
Coordinates: x - 199 In.  y = 14 In. z - 16 In.  
f l o w  values are I n  gallons per mlnute x 1 8  e 

35 pol 

Figure A4. Continued. 
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Run 54 

Speed = 68 ips Load - 2588 l b  Hatar depth - .625 l n .  T t r e  preasurm = 
Coordlnates: x - 199 l n .  y - 14 fn.  z - 16 ln. 

’ 35 pa1 

P 
f l o u  valuecr are tn gallon. per rntnute x 10 

Figure A4. Continued. 
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Run 55 

Speed = 80 fps Load - 2588 lb Wmtor depth - .625 In .  

Coordln8te8: x - 199 In. y - 14 In. z - 16 In. 
Flow valuea ara In gallona par mlnute x 10 

Tlrm prarsure = 35 pa1 

t! 

Figure A4. Concluded. 
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2 5 l 4 1 1  010 0 0 ' 0 l 0 ' 0  0 8 01 

14 4 0 0 0 0 0 0 0 0 0 0 0 

Speed - 4 0  fpa f i r e  defleotlon - 1 In. bd8tOP depth - .625 tn. 
t i r e  prmaaure = 45 pal Coordln8taat x = 199 In. y - 14 In. z = 16 tn. 
flou vmluaa In gallons par minute x 10 z 

Figure A5. Tire-only test configuration with 26 x 6.6 bias-ply tire deflected to  1.0 in. 
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Run 57 

0 0 0 0 0 2 2 2 0 1 9 4 0  

0 0 0 0 0 0 2 4 0 2 1 3 4  

0 0 0 0 0 2 4 0 1 9 2 9 4 0  

0 0 0 0 0 2 6 1 5 2 3 3 0 5 3  

6 38 74 143112 30 6 2 2 0 0 

13 40 133152 67 13 0 0 0 0 0 

Speed - 60 f p s  Tf r e  d e f  l e o t f o n  - 
0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0  

1 In. Water depth - .625 In.  
Tfre pressure  - 45 psf  Coordfnates:  x - 199 In. y - 14 fn. z - 16 fn. 
Flow v a l u e s  a r e  I n  g a l l o n s  per  mfnute x 10 e 

Figure A5. Continued. 
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Figure A5. Continued. 
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Run 59 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
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0 0 0 0 0 0 0 0 3 3 5 1 0 1 0 2 5 4 1 5 6 6 0 7 1 4 6 3 0 0  5 

0 0 0 0 0 0 0 3 3 5 13 20 36 60 Bl 101 109 99 06 46 10 0 

0 0 0 0 0 0 3 3 5 13 30 38 53 74 109132122112 61 46 5 0 

0 0 0 0 0 0 3 3 5 15 23 30 51 76 119129 99 89 56 20 3 0 

0 0 0 B 0 3 3 5 0 13 25 30 51 71 04 06 94 63 46 20 3 0 

0 0 0 0 0 3 5 5 0 20 20 30 43 40 71 60 53 30 30 10 5 0 

Speed - 00 fps T I r e  deflectton - 1 In. Water depth - .625 In. 
T I r e  pressure  = 45 psl Coordlnates: x - 199 In. y - 14 In. z - 46.5 In. 
Flow values are tn gallons per mlnute x 10 e 

Figure A5. Concluded. 



Run 60 

ORIGINAL PAGE IS 
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Spmad - 48 Ips T l r a  daflactlon - 1.1 In. Water depth - .625 In. 
Tlra prarrura = 45 pa1 Coordlnatesr x - 199 In. y - 14 In. z - 16 ln. 
Flow vmluaa are In gallons par mlnute x 18 

L 

Figure A6. Tire-only test configuration with 26 x 6.6 radial-ply tire deflected to  1.1 in. 
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Ttrm pressure = 45 pal Coordlnatmsr x - 199 ln. y - 14 In. z - 16 l n .  
Flow v8luos 8ro ln gallons par mlnuto x 10 2 

Figure A6. Continued. 
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Run 62 

Speed - 00 fps Tlre deflectlon - 1.1 ln. Water depth - ,625 In. 
flre pressure - 45 p81 Coordlnaterr x - 193 ln. y - 14 ln. I - 16 In. 
Flow values are ln gallons per ntlnute x 10 

2 

Figure A6. Continued. 
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Run 63 
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Speed - 80 fps Tlre deflectlon - 1.1 in. Water depth - .625 In. 
Tlre pressure - 45 psl Coordlnates: x - 199 ln. y - 14 ln. z - 46.5 In. 
Flow values are in gallons per mlnute x 10 e 

Figure A6. Concluded. 



n. T l r e  pressure - 45 p s l  Coordlnates: x - 199 In .  y - 14 I n .  z = 16 1 

Flow values are  I n  gal lons per  mfnute x 10 e 

Figure A7. Tire-only test configuration with 26 x 6.6 radial-ply tire deflected to 1.9 in. 
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Run 65 

Speed - 60 fps Ttre deflectton - 1.e tn. Hater depth - .625 In.  

Ttra pressure - 45 psf Coordtn8tesr x - 199 tn. y - 14 tn. z - 16 In. 
Flow values are tn gallons per mfnute x 10 2 

Figure A8. Tire-only test configuration with 26 x 6.6 bias-ply tire deflected to  1.8 in 
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Speed - 60 f p s  T f r e  deflectfon - 1.8 fn. Hater depth - ,625  fn. 

T i r e  p r e s s u r e  - 45 psf Coordfnatasr x 199 f n .  y - 14 In. z = 4 6 . 5  In. 
f l o w  v a l u e s  are fn gallons p e r  mfnute x 10 2 

Figure A8. Concluded. 
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